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ABSTRACT 

A low c o s t  Sa tu rn  SIVB combined w i t h  c l u s t e r s  of 
United Technology C e n t e r  U A 1 2 0 7  1 , 4 0 0 , 0 0 0  l b  t h r u s t  s o l i d  
r o c k e t  motors (SRM) could serve  a s  an  i n t e r i m  launch v e h i c l e  
t o  be used be fo re  t h e  space s h u t t l e  becomes o p e r a t i o n a l .  The 
payload such a vehicle  could d e l i v e r  i n t o  a 1 0 0  nm 28 degree 
e a s t e r l y  o r b i t  was c a l c u l a t e d  f o r  s e v e r a l  launch c o n f i g u r a t i o n s  
made up of f o u r  t o  e i g h t  SRM as t h e  f i r s t  s t a g e ,  e i t h e r  one o r  
t w o  SRM as t h e  second s t a g e ,  and t h e  SIVB as t h e  t h i r d  s t a g e .  
The a n a l y s i s  took i n t o  account t h e  aerodynamic load  l i m i t a t i o n s  
of t h e  SIVB b u t  d i d  n o t  f u l l y  cons ider  o t h e r  aerodynamic e f f e c t s  
t h a t  might r e s u l t  from t h e  d i f f e r e n t  conf igu ra t ions .  Resu l t s  
i n d i c a t e d  payloads ranging from 8 8 , 0 0 0  l b  f o r  a fou r  SRM f i r s t  
s t a g e  and one SRM second s t a g e  t o  1 2 1 , 0 0 0  l b  f o r  s i x  and two. 
If t h e  p r e s e n t  SIVB aerodynamic load  l i m i t s  can be exceeded, 
payloads as high a s  148,000 l b  may be ob ta ined  wi th  a n  e i g h t  
and two SRM conf igu ra t ion .  
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INTRODUCTION 

J. J. Schoch 

The United Technology Center  (UTC) UA1205, a 1 2 0  inch 
d iameter  s o l i d  rocke t  motor (SRM) made up from f i v e ,  t e n  f o o t  
diameter segments w a s  developed f o r  use i n  p a i r s  as s t a g e  zero 
of t h e  T i t a n  I I I C  launch veh ic l e  and has been used s u c c e s s f u l l y  
f o r  over f i v e  yea r s .  UTC has  r e c e n t l y  completed t h e  f i r s t  phase 
of development, i nc lud ing  fou r  f u l l  scale tests,  of an inc reased  
t h r u s t  v e r s i o n  of t h e  UA1205, des igna ted  t h e  UA1207,  which i s  
made up from seven SRM segments and inc ludes  s e v e r a l  improved 
components. 

The McDonnell Douglas Ast ronaut ics  Company (MDAC) 
has  r e c e n t l y  considered t h e  p o s s i b i l i t y  of combining t h e i r  
SIVB w i t h  e i t h e r  of t h e s e  SRM t o  provide an i n t e r i m  launch 
v e h i c l e  t h a t  could be used be fo re  t h e  Space S h u t t l e  i s  ready. 
The SIVB s t a g e  i n  such a v e h i c l e  would only be used f o r  sub- 
o r b i t a l  boos t  and i t s  engine would be r equ i r ed  t o  execute  only 
one burn. Tota l  f l i g h t  t i m e  would be t e n  minutes compared t o  
s i x  and a h a l f  hours f o r  t h e  Apollo mission.  These lower f l i g h t  
requirements  would permi t  s i m p l i f i c a t i o n s  i n  t h e  propuls ion  sys-  
t e m  and replacement of t h e  I U  wi th  a s i m p l i f i e d  electronics sys-  
t e m  which would reduce s t a g e  burnout weight by 4500 lb .  Because 
of t h i s  reduced complexity and weight,  i t  could be produced a t  
less c o s t  and i s  hence designated " l o w  c o s t  S I V B " .  MDAC claims 
t h a t  by e l i m i n a t i n g  a number of t h e  more c r i t i c a l  components of 
t h e  p r e s e n t  SIVB, t h e  l o w  cost SIVB would have a h i g h e r  r e l i a b i l i t y .  

The MDAC s tudy  showed t h a t  f o u r  UA1205 s o l i d  r o c k e t  
motors wi th  t h e  l o w  c o s t  SIVB as a second s t a g e  could d e l i v e r  
about  50,000 l b  i n t o  a 1 0 0  nm, 28O e a s t e r l y  o r b i t ,  and f o u r  
UA1207  SRM could d e l i v e r  68,000 l b s .  I n  t h e  MDAC s tudy  t h e  
SRM c l u s t e r  had one SRM loca ted  i n  t h e  center w i t h  t h r e e  o t h e r s  
surrounding it. This arrangement w a s  necessary so  t h a t  i g n i t i o n  
of t h e  c e n t e r  rocke t  could be delayed t o  p reven t  i n c u r r i n g  ex- 
cessive maximum aerodynamic load (qmax). 
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The p r e s e n t  s tudy  i s  an ex tens ion  of t h i s  work and 
w a s  undertaken t o  f i n d  o u t  how much payload might be d e l i v e r e d  
by t h e  l o w  c o s t  S I V B  and c l u s t e r s  of UA1207 SRM. 

CONFIGURATIONS S T U D I E D  

Ten v e h i c l e  conf igu ra t ions  w e r e  considered.  A l l  of 
them c o n s i s t  of t h r e e  s t a g e s  and t h e  l a s t  s t a g e  i s ,  i n  each 
case ,  t h e  SIVB. The f i r s t  s t a g e  has  from f o u r  t o  e i g h t  U A 1 2 0 7  
SRM; t h e  second e i t h e r  one or t w o .  The va r ious  conf igu ra t ions  
of t h e  f i r s t  t w o  s t a g e s  are i l l u s t r a t e d  i n  F igure  1 and are 
a l so  shown i n  t h e  l e f t  columns of Table 1. The combinations 
4+1, 5+1, 5+2, 6+2, 7+2,  and 8+2 w e r e  considered.  

Some combinations had t o  be excluded because of e i t h e r  
i n s u f f i c i e n t  o r  excess ive  t h r u s t  t o  weight  r a t i o .  F o r  i n s t a n c e  
s i n c e  t h e  MDAC s tudy  showed t h a t ,  when us ing  f o u r  SRM wi th  t h e  
SIVB,  i g n i t i o n  of t h e  f o u r t h  SRM had t o  be delayed i n  o r d e r  t o  
keep t h e  GImax va lue  w i t h i n  a l lowable l i m i t s ,  t h e  high i n i t i a l  
t h r u s t  t o  weight r a t i o  combinations 5+0, 6+0, e t c  were excluded 
a p r i o r i .  The combination 4+2 was excluded because i t s  i n i t i a l  
t h r u s t  t o  weight r a t i o  was s o  l o w  t h a t  t h e  payload w a s  no b e t t e r  
than t h a t  of t h e  4 + 1  combination. Most combinations are con- 
sidered i n  more than  one conf igura t ion .  For i n s t a n c e ,  conf igura-  
t i o n s  3 and 4 are both  5+2 combinations b u t  t h e  SRM's of t h e  
second s t a g e  are a t t a c h e d  and staged d i f f e r e n t l y .  I n  configura-  
t i o n  3 it w a s  assumed t h a t  one SFW would be a t t a c h e d  t o  each side 
of t h e  SIVB and i n  conf igu ra t ion  4 ,  t h e  t w o  second s t a g e  SRM 
would be surrounded by t h e  f i v e  f i r s t  s t a g e  u n i t s .  

Thrus t  v e c t o r  con t ro l  (TVC) f o r  t h e  s o l i d  r o c k e t  motors 
i s  achieved by f l u i d  i n j e c t i o n  through groups of va lves  located 
i n  t h e  f o u r  quadrants  of t h e  nozz le  e x i t  cone. For t h i s  reason,  
t h e  f i r s t  s t a g e  SRM c l u s t e r s  were arranged whenever p o s s i b l e  
symmetr ical ly  w i t h  r e s p e c t  t o  p i t c h  and yaw d i r e c t i o n s .  Con- 
f i g u r a t i o n s  2 ,  4 ,  and 8 having f i v e ,  f i v e ,  and seven f i r s t  s t a g e  
SRM r e s p e c t i v e l y ,  l ack  t h i s  symmetry and t h e r e f o r e  a more complex 
TVC system may be requi red .  However, f o r  t h e  p r e s e n t  s tudy  it 
was assumed t h a t  such an arrangement would be f e a s i b l e .  

The d i f f e r e n t  f r o n t a l  areas r e s u l t i n g  from t h e s e  
c o n f i g u r a t i o n s  are inc luded  i n  Table 1. 

The nex t  two columns show how t h e  weight pena l ty  f o r  
connect ing t h e  d i f f e r e n t  SRM's between each o t h e r  and t o  t h e  
S I V B  w e r e  t aken  i n t o  account. I t  w a s  assumed t h a t  an o u t e r  
SRM would be f a s t ened  t o  an i n n e r  one by attachment weighing 
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225 l b ,  t h e  same weight as i s  r equ i r ed  t o  a t tach t h e  zero s t a g e  
SRM t o  t h e  T i t a n  I11 core.' Therefore  i n  c o n f i g u r a t i o n  1 f o u r  
such devices  are r e q u i r e d  t o  connect t he  o u t e r  f o u r  SRM t o  t h e  
c e n t r a l  one which i s  t h e  second s t a g e .  I n  t h e  more complex 
conf igu ra t ions ,  one such attachment was assumed whenever t w o  
SRM w e r e  i n  con tac t .  Seven such devices are r equ i r ed  f o r  
conf igu ra t ion  5 and 8 ,  twelve for  c o n f i g u r a t i o n s  6 ,  7 ,  and 10, 
and s i x t e e n  f o r  conf igu ra t ion  9 .  

S t r u c t u r e  fo r  connecting t h e  s t a g e s  w a s  considered 
t o  be of t h e  form of a t runca ted  s k i r t  weighing about  8000  l b .  
T h i s  weight va lue  w a s  used f o r  t h e  i n t e r s t a g e  between second 
and t h i r d  s t a g e  fo r  conf igu ra t ions  1 and 2 and t h e  i n t e r s t a g e  
between f i r s t  and second stage fo r  c o n f i g u r a t i o n s  3 and 7. The 
i n t e r s t a g e  weight between f i r s t  and second s t a g e  w a s  i nc reased  
t o  1 2 , 0 0 0  l b  t o  account f o r  t h e  more complex shape necessary 
t o  connect t he  SIVB t o  two SRM i n  c o n f i g u r a t i o n s  5 and 1 0 .  
S i m i l a r l y  t h e  i n t e r s t a g e  between t h e  second and t h i r d  s t a g e  
was inc reased  t o  1 2 , 0 0 0  l b  i n  con f igu ra t ions  3 ,  5 ,  7 ,  and 1 0  
t o  al low f o r  a p o s s i b l e  need t o  s t i f f e n  t h e  S I V B .  T h i s  va lue  
w a s  f u r t h e r  i nc reased  t o  1 6 , 0 0 0  l b  i n  conf igu ra t ions  4 ,  6 ,  8 ,  
and 9 i n  which t h e  i n t e r s t a g e  connects  t h e  S I V B  t o  t w o  SRM. 

The fol lowing ground r u l e s  w e r e  observed. 

a .  Thrust-t ime shapes and weights  f o r  t h e  SRM 
w e r e  taken as  t h e  nominal f o r  t h e  seven 
segment UA1207 SRM. 

b. Upon f i r i n g ,  each SRM burns 477 l b  of 
p r o p e l l a n t  before l i f t - o f f  t h r u s t  i s  de- 
veloped. For t h e  t r a j e c t o r y  c a l c u l a t i o n s ,  
t h i s  amount w a s  s u b t r a c t e d  from t h e  pro- 
p e l l a n t  weight of a l l  f i r s t  s t a g e s .  

c. The s t anda rd  SRM has a s e p a r a t i o n  system 
weighing 1 2 3 8  l b .  A f t e r  burnout  of t h e  
main rocke t  t h i s  s y s t e m  provides  a l a te ra l  
t h r u s t  t h a t  pushes the  spent SFM nutward; 
I n  those conf igu ra t ions  where such a mode 
of s e p a r a t i o n  i s  unnecessary, t h e  weight  of 
t h e  s e p a r a t i o n  system w a s  s u b t r a c t e d  from 
t h e  SRM burnout  weight. For i n s t a n c e ,  such 
a l a t e r a l  sepa ra t ion  i s  only necessary  f o r  
t h e  f irst  s t a g e  SRM's of conf igu ra t ions  num- 
ber 1, 2 ,  4 ,  6 ,  8 ,  and 9 fo r  t h e  second s t a g e  
SRM's of conf igu ra t ions  number 3 ,  5, 7, and 10. 
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For a l l  conf igu ra t ions  t h e  t r a j e c t o r i e s  s t a r t  w i t h  a 
s h o r t  v e r t i c a l  r ise f o r  about  f i v e  seconds.  Then, a f t e r  an 
a p p r o p r i a t e  t i l t i n g  maneuver, which i s  determined by t h e  computer 
i n  such a manner as t o  g ive  maximum payload, t h e  v e h i c l e  fo l lows  
a g r a v i t y  t u r n  t r a j e c t o r y  ( ze ro  ang le  of a t tack)  f o r  t h e  rest of  
t h e  f i rs t  s t a g e  burn. A t  t h i s  p o i n t  t h e  a l t i t u d e  i s  s t i l l  t o o  
low ( t h e  dynamic p r e s s u r e  t o o  h igh)  t o  d e p a r t  from a g r a v i t y  
t u r n ,  b u t  on t h e  o t h e r  hand, cont inuing  t h e  g r a v i t y  t u r n  f o r  t h e  
complete burn of t h e  second s t a g e  decreases  t h e  payload cons ider -  
ab ly .  The fol lowing compromise w a s  followed. During t h e  f i r s t  
p a r t  of t h e  second s t a g e  burn t h e  v e h i c l e  fol lows a g r a v i t y  t u r n  
t r a j e c t o r y ,  and then s w i t c h e s  t o  a l i n e a r  tangent  s t e e r i n g  mode 
when t h e  drag i s  below one thousand pounds. Some ga in  i n  payload 
may a l s o  be obta ined  by changing t h e  oxygen/hydrogen mixture  r a t i o  
i n  t h e  S I V B ;  t h e r e f o r e  it i s  assumed t h a t  t h e  5 2  engine i s  opera ted  
t o  g i v e  a t h r u s t  of 235,000 lb a t  an I s p  of 425 sec f o r  t h e  f i r s t  
225 seconds of t h i r d  s t a g e  f l i g h t ,  and t h e  mixture  r a t i o  i s  then  
decreased t o  g i v e  175,000 l b  t h r u s t  a t  an I s p  of 431 seconds f o r  
t h e  remaining p a r t  of t h e  burn. 

The same drag  c o e f f i c i e n t  w a s  used f o r  each configura-  
t i o n  and w a s  based upon a v a i l a b l e  informat ion  f o r  t h e  Sa tu rn  V. 

RESULTS 

Table 1 shows t h e  payloads and t h e  va lues  of q 
f o r  a 1 0 0  nm e a s t e r l y  o r b i t  of 28.5 degrees  i n c l i n a t i o n .  
Arrangement of SRM c l u s t e r s  and t h e  SIVB comprising t h e  va r ious  
v e h i c l e s  i s  shown on Figure 1. 

740  l b / f t  ; t h e r e f o r e ,  i f  t h a t  l i m i t  could n o t  be exceeded, con- 
f i g u r a t i o n s  number 2 ,  7 ,  8 ,  9 ,  and 1 0  would have t o  be excluded 
o r  t h e  t r a j e c t o r i e s  modified a t  t h e  expense of payload. I f  a 

qmax 
t i o n s  number 7 and 8 could be included.  

max 

The qmax l i m i t  of t h e  S I V B  i s  
2 

l i m i t  up t o  800 l b / f t 2  could be t o l e r a t e d  t h e n  configura-  

There seems t o  be l i t t l e  d i f f e r e n c e  between t h e  pay- 
loads  of t h e  d i f f e r e n t  conf igu ra t ions  having t h e  same number 
of SRM's. For i n s t a n c e  the re  is  p r a c t i c a l l y  no d i f f e r e n c e  i n  
payload between conf igu ra t ion  number 3 and 4. I t  appears  t h a t  
t h e  a d d i t i o n a l  drag  pena l ty  of c o n f i g u r a t i o n  3 i s  almost com- 
pensated by t h e  assumed s t r u c t u r a l  p e n a l t y  i n  conf igu ra t ion  
number 4 .  I t  should be noted t h a t  i n  conf igu ra t ion  number 3 
t h e  combination of second and t h i r d  s t a g e  i s  wider  than t h e  
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f i r s t  s t a g e .  This occurs a l s o  w i t h  c o n f i g u r a t i o n  numbers 5, 7 ,  
and 1 0 .  Such a hammerhead conf igu ra t ion  could r e s u l t  i n  s e r i o u s  
aerodynamic i n s t a b i l i t i e s .  I t  i s  a l s o  noted t h a t  t h e  S I V B  s t a g e  
i s  about  h a l f  t h e  l eng th  of t h e  UA1207  which i s  about 1 1 2  f t  long. 

I n  conf igu ra t ions  number 4 ,  6 ,  8, and 9 a s i m i l a r  though 
no t  q u i t e  as seve re  aerodynamic s i t u a t i o n  e x i s t s  du r ing  second 
s t a g e  burn. The second s t a g e  w i t h  two S R M ' s  h a s  about t h e  same 
d iameter  a s  t h e  t h i r d  s t a g e  i n  one p lane  b u t  i s  only h a l f  a s  
t h i c k  i n  t h e  p lane  9 0  deg perpendicular  t o  it. This may r e q u i r e  
some f a i r i n g  between t h e  second and t h i r d  s t a g e s .  This  f a i r i n g  
could be made an i n t e g r a l  p a r t  of t h e  s t r u c t u r e  connect ing t h e  
two s t a g e s .  The drag  c o e f f i c i e n t  t h a t  w a s  used i n  t h e  t r a j e c t o r y  
computations does n o t  take  these changes i n  shape i n t o  account .  

POSSIBLE IMPROVEMENTS FOR FUTURE STUDIES 

Although n o t  considered i n  t h i s  s tudy ,  it i s  noted 
t h a t  t h e  undes i r ab le  e f f e c t s  of hammerhead conf igu ra t ions  and 
t h e  asymmetrical arrangement of t h e  f i r s t  s t a g e  SRM could be 
e l imina ted  by r e p l a c i n g  t h e  one o r  t w o  SRM used as  second s t a g e  
wi th  a l a r g e r  number of shor te r  rocke t s ,  having an e q u i v a l e n t  
t h r u s t  on top  of t h e  f i r s t  s t a g e  c l u s t e r .  For i n s t a n c e ,  t h e  
one SRM used a s  second s t a g e  i n  conf igu ra t ion  2 could be sub- 
s t i t u t e d  by t h r e e  s h o r t e r  ones and t h e  t w o  i n  conf igu ra t ions  
4 ,  6 ,  8, and 9 by f o u r  or more s h o r t e r  ones us ing  less segments 
b u t  having t h e  same t o t a l  t h r u s t .  The number and t h e  l e n g t h  
of t h e s e  s h o r t e r  SRM would depend both on t h e  conf igu ra t ion  
of t h e  f i r s t  s t a g e  SRM and t h e  t h r u s t  requirement.  

I t  i s  a l s o  noted t h a t  qmax could be reduced by 
lowering t h e  t h r u s t  l e v e l  through use  of a sma l l e r  number 
of segments i n  some o r  a l l  of t h e  SRM. I n  a d d i t i o n  t h e  
burn could be shaped appropr i a t e ly .  

CONCLUSIONS 

A t t a c h i n g  UA1207 SRM's tc! s. low c o s t  S1I .B  r e s u l t s  i n  
a series of launch v e h i c l e s  having o r b i t a l  payloads i n  t h e  so- 
c a l l e d  in t e rmed ia t e  category.  Based on a 2 8  degree i n c l i n a t i o n  
1 0 0  nm e a s t e r l y  o r b i t ,  payloads ranging from 88,000 l b  f o r  a 
4 + 1  conf igu ra t ion  t o  1 2 1 , 0 0 0  l b  f o r  a 6+2  conf igu ra t ion  may be 
ob ta ined  s t a y i n g  wi th in  t h e  a l lowable qmax l i m i t s  f o r  t h e  SIVB. 

I f  t h e s e  l i m i t s  can be exceeded, t hen  payloads up t o  148,000 l b  
are o b t a i n a b l e  wi th  a 8+2 conf igu ra t ion .  There may be some aero- 
dynamic problems because of t h e  shape of t h e  veh ic l e .  The f e a s i -  
b i l i t y  of u s ing  t h e  p r e s e n t  TVC system when t h e  f i r s t  s t a g e  c l u s t e r  
i s  unsymmetrical r e q u i r e s  f u r t h e r  s tudy .  
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FIGURE 1 - LAUNCH VEHICLE CONFIGURATIONS FOR LOW COST S - I V B  WITH 
UA 1207 SOLID ROCKET MOTORS 


